treatment effects (apart from smoking abstinence) of varenicline and SR bupropion that also mediate the improvement. The improvement in health-related QoL occurs rapidly after achieving smoking abstinence and improves steadily with longer duration of abstinence up to 1 year. 
Background: Smoking during pregnancy is one of the most modifiable risk factor for poor birth outcomes. This study assesses the prevalence and correlates of smoking during pregnancy. Methods: A questionnaire was applied to pregnant women in two urban clinics in Romania to assess smoking prevalence, attitudes and knowledge about smoking, and other risks poorly documented in Romania, such as depressive symptoms, stress and social support. The response rate was >80% and the valid sample comprised of 916 women. Descriptive statistics and logistic regressions were used to estimate the prevalence of smoking and other risk factors and to identify correlates of smoking during pregnancy. Results: Approximately 15% of the women continued smoking during pregnancy, and 26% of all women said they smoked prior to pregnancy, but quit upon finding out they were pregnant. Depressive symptoms and stress were not associated with smoking during pregnancy. Women with no social support had higher odds of continued smoking vs. non-smoking (OR = 2.3, P < 0.01), and vs. quitting (OR = 2.3, P < 0.05). Roma women had 5.2 times the odds (P < 0.01) of continued smoking vs. non-smoking. Lack of awareness about the benefits of quitting smoking and about the risks of smoking light cigarettes were associated with continued smoking during pregnancy.
Conclusions: Smoking was common in a sample of Romanian pregnant women. Smoking cessation programs in Romania should include components to raise the awareness about the risks of smoking during pregnancy and the benefits of quitting at any time during pregnancy. More targeted interventions are needed in Roma communities. 
Introduction

S
moking is a leading cause of preventable death worldwide. 1 Smoking during pregnancy is especially harmful, being one of the most modifiable risk factor for poor birth outcomes. It is a risk factor for ectopic pregnancy, pre-term birth and low birth weight. [2] [3] [4] Maternal smoking during pregnancy is also linked to increased child mortality and offspring health problems including delayed growth, asthma, behavioral and neurodevelopmental problems. [5] [6] [7] [8] Efforts to reduce smoking during pregnancy are therefore critically important.
Smoking prevalence has increased through the 1990s in the former communist countries in Central and Eastern Europe, especially among women. For example, the overall smoking rate in Romania increased between 1989 and 2000 from 44 to 48% among men and from 11 to 25% among women. 9 Smoking during pregnancy is a problem in the region. Based on the few existing reports, smoking prevalence during pregnancy continues to be high in Central and Eastern Europe, but most of the prior studies relied on small samples, and lack details such as depression, stress, alcohol use, social support or other risk factors known to be associated with smoking during pregnancy. [10] [11] [12] A study conducted recently on 160 pregnant women confined to bed in three maternity clinics in Bucharest, Romania indicated that 24% of the women continued to smoke during pregnancy and all smokers were exposed to second-hand smoking. 10 Another recent study on a large sample (n = 23 139) in Brasov, Romania, estimated a smoking rate during pregnancy of 24%. 11 Another study conducted in Poland relied on a sample of 136 pregnant women and found a self-reported smoking rate during pregnancy of 25-30% and a smoking rate of 33-41% based on cotinine levels in saliva samples. 12 By comparison, only 12% of pregnant women in the US smoked cigarettes in 2005. 13 Other background and demographic factors are associated with smoking during pregnancy, including older age, unmarried status and low education. [14] [15] [16] Recent research in the USA found psychological and psychosocial risk factors, including stress, depression and lack of social support to be associated with continued smoking during pregnancy, especially in lower-income populations. [16] [17] [18] In Netherlands, a very recent study found that, after adjustment for sociodemographic and smoking-related covariates, pregnancy-related anxiety, exposure to physical/sexual violence and high job strain were significantly associated with continued smoking during pregnancy. 19 Pregnancy risk factors, specifically in relation with smoking during pregnancy, are poorly documented in Central and Eastern Europe.
Our team had the opportunity to describe and analyze some of these risk factors in a sample of pregnant women in Romania and to determine whether they were consistently associated with continued smoking during pregnancy in this different economic and cultural environment, or whether there were dissimilarities compared to other populations. The purpose of our study was to examine factors associated with smoking in pregnancy in order to inform the larger literature on how to approach smoking cessation and to facilitate potential efforts in Romania in particular. The specific objectives of this study are: to fill the gap in Central and Eastern Europe assessing smoking during pregnancy, maternal characteristics and prenatal risk factors relying on a relatively large sample of women in Romania; and to analyze the associations of maternal characteristic and prenatal risk factors with smoking during pregnancy.
Methods
This study is part of the 2-year Smoking during Pregnancy in Romania (SPRO) research project financed by the Romanian Ministry of Education and Research. Approval for the study was obtained from the Institutional Review Board 01Public Health, Babes Bolyai University, Center for Health Policy and Public Health. The complete SPRO data and additional project details were described elsewhere. 20 
Setting and population
Pregnant women 18 or older who sought antenatal care or were confined in bed in the largest two obstetrics-gynecology clinics in Cluj-Napoca, Romania, between November 2008 and August 2009 were invited to participate in the study. The refusal rate was <20% at both sites. The cross-sectional study is based on a convenience sample of 916 pregnant women who accepted to enroll in the SPRO study. Cluj-Napoca is one of Romania's largest cities, and an important university center. The two clinics serve mainly the city population, but also the rural areas in the proximity of the city. The vast majority of the Romanian health care system is state-owned. By law, Romanian pregnant women receive free medical care in the state-owned institutions even if they never contributed to the state-administered health insurance. The two clinics are state-owned and therefore serve the full socio-economic spectrum of pregnant women. Our sample was more urban, older age at conception, and higher household income compared to the overall Romanian population. Pregnant women confined to bed were over-represented in our sample. To maximize sample size, the study recruited approximately one third of the sample among pregnant women who were having a difficult pregnancy or were close to delivery and their physician recommended bed confinement. The other pregnant women in the sample were interviewed during one of their prenatal visits.
Data collection
Data were collected with the use of a questionnaire that assessed multiple risks factors during pregnancy applied by trained research assistants under the supervision of qualified staff and medical personnel. The SPRO questionnaire was based on questions translated and adapted from the risk screener developed by the Michigan Families Medicaid Project (MFMP). 21 Additional smoking related questions from a 2004 Romanian survey were included. 9 The participant's names, contact information, and consent to be re-contacted were solicited in order to obtain follow-up information on birth outcomes and smoking behavior after the delivery date. All interviewers received rigorous training and were instructed to emphasize the fact that participation is voluntary, and declining participation in the survey would not affect participants' receiving of health care. This information was also included in the signed consent form, along with the fact that participation in the study may improve the understanding of smoking during pregnancy and related factors, and may lead to more efficient smoking cessation programs.
Outcome variables
Smoking status (continuous smoker, quitter and non-smoker) was defined relying on the multiple choice question 'Do you currently smoke cigarettes?' The first answer option was 'Yes,' the second 'I do not smoke now and did not before pregnancy', and two options for quitting: 'I quit since learning I was pregnant and I intend to stay smoke free' and 'quit since learning I was pregnant and I will probably smoke again after delivery'. The questions was initially developed by Mullen et al., 22 and was previously used in the research literature. 18, 21 We adapted it to assess relapse intentions of self-reported quitters.
Risk factors, other covariates
The Romanian translation of the Patient Health Questionnaire-2 (PHQ-2) screening tool 23 was used to assess depressive symptoms. Another key risk factor was a stress score higher than the median sample value of 5 on the Perceived Stress Scale-4 (PSS-4). 24 An indicator for lack of social support was incorporated in the analyses measured using the questions 'Do you rely on anybody for help during pregnancy and with the future baby-yes/no' and as a confirmation question 'If so, who will be those persons-baby's father/partner, my parents, my other children, relatives, friends/neighbors, my priest, others'. Other risk factors included age 35 or older; education less than high school; rural living; unmarried; Roma ethnicity, also known as Gypsies, a sizeable minority in many European countries and second largest minority in Romania after Hungarians according to the 2002 Romanian Census; 25 and an indicator for unwanted pregnancy defined based on the answers 'I wanted to be pregnant earlier or at the conception time' vs. 'I wanted to be pregnant later or never;' being a first pregnancy; alcohol consumption during pregnancy. Our questionnaire also asked knowledge questions to assess the potential harms of smoking during pregnancy. Two such indicators were included based on the answer 'Disagree' to the question 'Do you agree/disagree that: Quitting at any moment during pregnancy may reduce such risks'; and 'Agree' to the question 'Light cigarettes are not as harmful as regular cigarettes'. The natural logarithm of annual household income (in EURO at the February/2010 exchange rate) was also included as a control variable in the logistic regressions. We used the multiple imputation technique to estimate the 28% missing responses for income and the 22 and 33% missing responses in the two questions on knowledge about smoking.
Statistical analysis
Descriptive statistics (counts and percentages in table 1) were presented to assess smoking behavior during pregnancy and to explore unadjusted associations between various prenatal risk factors and maternal characteristics of pregnant women and their smoking status: continuous smoker, quitter or non-smoker. Logistic regression analyses were used to identify the independent effect of each risk factor considered, statistically adjusting for the effects of all other variables included in the analysis. The data were collected from two prenatal hospitals, so we employed a hierarchical model for the logistic regressions. To test the influence of nesting within locations, we ran logistic regressions both ignoring and then accounting for the hierarchical structure of the data. Accounting for nesting within locations did not change the results reported in meaningful ways and the results maintained their statistical significance. The non-nested logistic results are reported, including the odds ratios (OR) and the 95% confidence intervals.
To account for potential differences in characteristics, smoking patterns, and other risk factors between the pregnant women confined to bed and the other pregnant women, we performed logistic regressions both including and then excluding a 'confined' indicator. The results were similar in both iterations and the 'confined' indicator was far from reaching statistical significance. In order to use the largest sample size available-$4% of the sample had missing values for the 'confined' indicator-we decided to report results without controlling for the confined status. This study interviewed women at various stages in their pregnancy, a potential relevant factor in our analyses. To test this, we performed logistic analyses including and then excluding the week of pregnancy when interviewed. The 'pregnancy week' variable was not statistically significant, and the results did not change in meaningful ways. All data analyses were run using the SAS statistical software (SAS 9.1, SAS Institute Inc., Cary, NC, USA).
Results
Descriptive statistics and unadjusted associations Table 1 presents descriptive statistics on the sample of pregnant women, overall and also by smoking status: continuous smokers, quitters and non-smokers. Approximately 15% of the women continued smoking during pregnancy, and 26% of all women said they smoked prior to pregnancy, but quit upon finding out they were pregnant. More than 75% of all pregnant women were living in urban areas, 12% were unmarried and 4% of Roma ethnicity (unreported results indicate that 85% of the women were Romanian while 11% were Hungarian). Average age was 29, almost 9% of the pregnant women were 35 or older and 12% of the women had less than high school education. The percentages of women with depressive symptoms were similar among continuing smokers, quitters and non-smokers (65-67%). There was a higher percentage of smokers with high perceived stress (61%) compared to quitters and non-smokers (52%). In addition, the percentage of women with no social support was higher among smokers (22%) than among quitters and non-smokers (11 and 10%). A much higher percentage of the smokers were of Roma ethnicity (16%) compared to the quitters (2%) and non-smokers (1%). A higher percentage of smokers believed that light cigarettes are not as harmful as regular cigarettes: 49% of smokers, 20% of quitters and 24% of the non-smokers. Table 2 provides the results of logistic regressions on three binary outcomes: smoking vs. non-smoking; smoking vs. quitting; quitting vs. non-smoking. After adjusting for other covariates, depressive symptoms and stress were not differentiating factors between smokers, quitters and non-smokers. Logistic regressions indicated that women with no social support had higher odds ratios (ORs) of continued smoking vs. non-smoking (OR = 2.3, P < 0.01) and vs. quitting (OR = 2.3, P < 0.05). Roma women had 5.2 times the odds (P < 0.01) of continued smoking vs. non-smoking. Women with unwanted pregnancies had higher odds of smoking vs. quitting (OR = 2.3, P < 0.01). Confirming the univariate analysis, women who did not agree that quitting during pregnancy reduces the pregnancy and birth risks had higher odds of smoking vs. Counts and percentages are calculated based on the valid, non-missing, responses non-smoking (OR = 3.4, P < 0.01) and vs. quitting (OR = 3.5, P < 0.01). In addition, women who believed that light cigarettes were not as harmful as regular cigarettes had higher odds of smoking both vs. non-smoking (OR = 2.8, P < 0.01) and vs. quitting (OR = 2.9, P < 0.01).
Adjusted associations between outcomes and risk factors
Discussion
The pre-pregnancy smoking rate was high (41%) in this Romanian, predominantly urban, sample of women of childbearing age, including 26% who quit upon finding out they were pregnant and 15% who continued to smoke. To put our results in perspective, a nationally representative study of the Romanian population found a smoking rate of 27% in 2003 among women aged 15-44. 9 Overall, the smoking rate in Romania declined in recent years from 35% in 2003 to $30% in 2007. The smoking rate among women rose sharply in the 1990s (stage two of a smoking epidemic model) from 11% in 1990 to 25% in 2000 and recent studies 9, 26 suggest that it has reached a plateau (24% in 2003 and 27% in 2007) consistent with the third stage of a smoking epidemic model. 27 The 63% of women who were smoking before pregnancy but reported quitting upon finding out about the pregnancy is similar to the self-reported 62% quit rate in a Dutch sample 2 and higher than the self-reported 46% quit rate in the US. 13 A potential factor in the high quit rate implied by this study and others is the fact that pregnant women tend to underreport smoking during pregnancy. 28, 11 The 15% rate of continuous smoking during pregnancy is lower than other recent Eastern European studies. Two Romanian studies found a self-reported smoking rate of 24% during pregnancy 10, 11 and a Polish study found a 25-30% self reported and 33-41% biochemically-verified smoking rate during pregnancy. 12 All these studies reported on mostly urban samples, as we did. The large-sample study (n = 23 139) on Romanian pregnant women 11 defined smoking retrospectively 'at any time during pregnancy' based on birth records, while our questionnaire plainly asked pregnant women 'Are you smoking now'. A potential explanation for the lower smoking rate found by our study is that women underreport smoking while pregnant, as most know it is harmful to the fetus, but we suspect underreporting to be less of an issue when they are asked retrospectively about pregnancy, at delivery time. Another potential issue was that some women may have continued to smoke in the early weeks of the pregnancy then quit, and due to the design of our study they may have been misclassified as quitters as opposed to continuous smokers. However, it does not seem to be an explanation for the lower rate of smoking during pregnancy found by our study as the percentage of self-reported smokers and quitters is similar in our sample among women interviewed early, mid-pregnancy, or close to delivery date.
As an important contribution, this study presents understudied risk factors in Central and Eastern Europe such as stress and depressive symptoms and their relationship to smoking during pregnancy. Two thirds of the pregnant women screened positive on the PHQ-2 depression screening. Another original finding is the very high rate of pre-pregnancy (82%) and continuous smoking (67%) among Roma pregnant women. This is in line with other studies that found this ethnic group in worse health compared to other populations. 29 Consistent with other studies analyzing pregnant women in industrialized countries we found that, after controlling for other factors, continued smoking during pregnancy was associated with the lack of social support among pregnant women in this Romanian sample. 30 We also found that being unmarried, low education and carrying an unwanted pregnancy were associated with continued smoking during pregnancy. 13 In contrast to studies other populations, maternal age 13 and alcohol consumption 18 were not related to continue smoking during pregnancy. Women living in rural settings and presenting for prenatal care in urban clinics, as sampled by our study, are not representative for the Romanian rural population. This is a potential explanation for our finding that rural living was associated with smoking during pregnancy, opposite to other studies including on Romanian populations. In particular, the majority of Roma women in our study lived in rural areas and had a very high smoking rate, partly explaining the results.
As a contribution to the research literature in the region, this study found that continued smoking is not associated with high perceived stress and depressive symptoms in our sample of Romanian pregnant women. A recent US study reported no association between current depressive symptoms and smoking during pregnancy and found that stress only differentiated smokers from non-smokers, but not from quitters. 18 Others have found both current depression and stress to be associated with smoking during pregnancy. 16, 17 A possible explanation for the differences is that other studies utilized more detailed measures for current depression, such as the Center for Epidemiologic Studies-Depression scale or the Edinburgh Postnatal Depression Scale, while we used the brief PHQ-2 depressive symptoms screening instrument. However, the diagnostic performance of the brief PHQ-2 was found comparable with that of longer depression scales. 31 For a variety of reasons not captured by this study, such as different cultural and social norms in the region, it is also possible that stress and depression are not stimuli for smoking or barriers against quitting in this Romanian population.
As another novelty in the region, this study investigated the associations between knowledge about smoking and smoking behavior during pregnancy. We found that the agreement to the statement that light cigarettes are not as harmful as regular ones was significantly associated with smoking during pregnancy. We also found that disagreement with the statement that quitting at any time during pregnancy may reduce risks for baby and mother was significantly associated with smoking status. As this study relies on cross-sectional data, it cannot determine causal effects of various maternal characteristics and risk factors on smoking during pregnancy. An additional limitation is the fact that the data consists of a convenience sample, mostly urban, of pregnant women, not representative of the Romanian population of pregnant women or of the childbearing age female population in Romania. Similar to prior research, we also suspect that smoking is underestimated as we rely on self-reported information as opposed to biochemically verified smoking status. The percentage of missing answers to the smoking knowledge questions is of some concern. As a robustness check, we performed multivariate logistic regressions on the subsample of women with complete information and the key results were similar.
To conclude, this study found that smoking was common in a predominantly urban sample of Romanian pregnant women. Most pregnant women were likely to have depressive symptoms. Further and more detailed evaluations are needed to establish a clear diagnosis and to measure severity. Smoking cessation programs in Romania should include components to raise the awareness about the risks of smoking during pregnancy and the benefits of quitting at any time during pregnancy. The staggering pre-pregnancy smoking rate and continued smoking rate during pregnancy of Roma ethnicity point to the need for additional, more targeted interventions in Roma communities.
